The overriding goal of the project is to increase the reliability and efficiency of electricity generation, delivery, and use in various industries across the United States.
Goals
The use of novel space power systems, currently envisioned for satell ites, space power stations, manned missions to the moon and Mars, etc., will be investigated for their possible utilization to improve or replace existing energy systems that operate U.S. manufacturing and aeronautics industries, and with potential application to the utility power grid. Two specific research areas for use in U.S. industries and electrical distribution systems will be investigated:
• Design of a distributed, fault-tolerant, and modular power system that maximizes the health of the power system.
• Develop the dynamics and control of act ive magnetic bearings for f lywheel energy storage without using conventional sensors.
How Does it work?
The U. S. electric grid is key to the economics and very survival of the United States. The recent blackout in the northeast showed how wholly dependent we are on the grid. Substantial work will need to be done to modernize the grid. We are proposing to complete a conceptual design of a distributed, fault-tolerant, and modular power system that takes into consideration the components' dominant mode of failure, the power system's network architecture, and the number and location of redundant components. The design shall include automated, failure-effect analyses that provide both transient and steady-state solutions, for both repairable and non-repairable networks. The design shall provide analyses yielding information regarding the probability, frequency, and mean duration of network failure. The potential for terrorist acts against the infrastructure shall also be considered in the design studies. The design shall include intelligent, autonomous, distributed, and digitally controlled devices, such as those employed in space power systems. In order to address the aging and shrinking current workforce in electric power, this task will also focus on the development of a new, highly-educated workforce that will be able to use these new technologies effectively.
Work under this task has been divided into three subtasks:
• Knowledge capture for the design and operation of distributed, fault-tolerant, and modular power systems.
• Use an educational model to educate professionals to be able to effectively apply these technologies to power systems.
• Develop the linking between terrestrial systems (US industries and electrical distribution systems) and their space counterparts.
wHat are tHe Benefits?
Bringing power system related skills developed while working on power systems for space to problems related to the grid should enhance ability to work with others to develop the modern grid. In addition, the work will develop the capability to educate the workforce that will create and maintain the modern grid. The development of flywheels that can store significant energy will enable them to play an important role in the modern power system.
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One of the more important applications that may come out of this work is the ability to detect weaknesses in the grid and take corrective action before a catastrophic failure occurs. In fact, it should lead to the ability to not just isolate the weakness but to perhaps scale down the demands on the weakness so that it still could stay online.
The development of an effective knowledge capturing, integrated design environment for the working engineer will significantly improve the efficiency of that engineer. In addition, the knowledge capturing can lead to the development of expert systems that will be necessary to the ability to do satisfactory health monitoring of the power system. Flywheels as energy storage devices have many advantages such as being able to deliver electrical power virtually instantaneously. This makes them nearly ideal load leveling devices. An additional benefit to enhanced flywheel technology is that a unit with a high energy to weight ratio could make it a practical energy storage unit for an automobile.
wHat are tHe statUs anD accomPlisHments to Date?
The Center for Research in Electronics and Aerospace Technology (CREATE) is Cleveland State University's signature program in Space and Terrestrial Power. The team at Cleveland State University has extensive experience in space power systems as well as terrestrial power systems. Work has already been accomplished on attempting to make real-time measurement of voltages and phase using GPS (Global Positioning System). A prototype knowledge capturing, integrated design environment software package has been developed for electrical circuits courses and is currently being tested.
The design of a DC to DC converter began in January with knowledge capturing, integrated design environment techniques to be followed closely.
Educational modules will be developed for educating the workforce of the future. The delivery system for these modules has already been developed and is called ProSkills©.
A lot of work with flywheels has been done for space applications. It is this work that will serve as the basis of the work to be done at CSU.
wHat is tHe market Potential?
The market potential of these advanced control technologies should be measured against the increased asset utilization that they enable. Because the alternative is the construction of new transmission resources, the potential return on investment is significant.
For flywheels as an energy storage/load leveling device the market potential is considerable. Flywheels that are inexpensive, and enjoy long term high reliability will be in demand.
The market for engineers with a strong power background (enhanced by this project) is virtually exploding.
The market for significant improvements in the grid must be established based on solid business cases. The value of efficiencies, security and reliability should dramatically outweigh the costs of technology improvements to the grid.
